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During the present war The Rockefeller Institute resumed the pro- 
duction of antimeningococcus serum and increased its output of anti- 
pneumococcus serum.  At the entrance of the United States into  the 
struggle the Institute undertook  the production of these sera in much 
larger quantity  than  previously.  The imunization  of a  large  num- 
ber  of  horses  introduced  many  technical problems  which  were of 
relatively little importance in the immunization of only a few animals. 
Among these problems was that of a  satisfactory syringe. 
In the immunization of horses against meningococci and pneumo- 
cocci fresh living cultures are injected intravenously.  The amount of 
material injected is usually from 15 to 30 cc.  For this purpose syringes 
made entirely of glass have been used.  Their desirable features are 
(1)  simplicity and the ease with which they may be cleaned,  (2)  the 
convenient slip  joint for attaching the needle, and (3)  the smoothly 
running ground glass plunger enabling one to  sense by the pressure 
whether the material is being injected into or outside the vein.  The 
objections to syringes of this type are (1) their perishability as a result 
of accident or of frequent boiling, (2)  the difficulty of dislodging foam 
or bubbles after drawing up material into the syringe and the conse- 
quent danger of injecting air, and (3) the liability to lose material or to 
draw in air because of the ease with which the plunger moves.  The 
last objection does not apply to  the small syringes made entirely of 
glass but  the weight of the contents or of the plunger in  the  larger 
syringes (25  cc.)  is  sufficient to move the plunger against the friction 
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of  the  binding  spring  supplied  with  these  syringes.  The  conditions 
are not ideal when one is approaching a  nervous horse. 
Because of these difficulties there was much loss of time, breakage of 
syringes,  and  inaccuracy  of  dosage--difficulties  which  were  serious 
for  the  work  in  hand  and  of  constant  occurrence.  Catalogues  of 
manufacturers  and  supply houses  were  searched  and  many kinds  of 
syringes were tried;  others  could  not  be obtained  readily because of 
war conditions.  Many were too intricate, difficult to clean, to keep in 
repair,  or  easily broken,  and  expensive  to  replace.  Those  with  ex- 
panding  rubber or leather plungers worked hard,  jumped,  or leaked. 
None was so satisfactory as the syringe made entirely of glass in use. 
The syringe to be described was designed  and many of them have 
now been in use for over 6 months with good results.  The barrel con- 
sists of an ordinary 50 cc. centrifuge tube (Fig. 1, A) or large test-tube 
(inside  "  is  diameter ~  to 1 inch).  This is the  only breakable part of the 
syringe.  The plunger is made of metal (nickeled brass) with expand- 
ing rubber packing (Fig.  1, D).  The outlet is through the plunger in- 
stead of at the end of the barrel.  The plunger is made up as follows: 
There is a core of metal tubing 6½ inches in length (Fig. 1, D) with a bore ~ 
inch in  diameter.  The  upper  end  of  the  core  is  cut  to  fit  a  Luer  needle 
(Fig. 1, B).  The lower end terminates in a piece of hemispherical metal [ inch 
in diameter (Fig.  1, D) of suitable size to fit the bottom of the glass tube (Fig. 
1, A).  The bore of the core does not continue straight through the hemispher- 
ical lower end but communicates with a hole of equal size leading laterally from 
near the edge of the hemisphere (Fig.  1, Dd).  Over the core and next to the 
hemispherical lower end is fitted a thick rubber washer (cut from pressure tubing, 
outside diameter ~'~ inch), then a thick  metal  washer (outside diameter -~ inch), 
and finally another rubber  washer.  The  packing  consists  of  a  piece  of  pure 
gum rubber tubing (outside diameter ~ inch, inside  diameter ~ inch)  (Fig. 1, C) 
with smoothly cut edges and of a length slightly less than the total thickness of 
the series of washers on the core (about ] inch).  It is essential to cut the packing 
from a  piece of tubing with a  perfectly smooth outer surface.  Linen-finished 
tubing or tubing with a little longitudinal furrow in the line of the seam is not 
suitable.  The packing is placed over the core around the series of washers and 
is centered by the metal washer.  The lower edge of the  packing rests against 
the  hemisphere  and  the  upper  edge  against  the  sleeve  (Fig.  1,  F)  which  is 
slipped on over the core after  the packing  is in place.  Screwed onto the core 
above the sleeve is a wing nut (Fig. 1, E).  As this nut is screwed down against 
the sleeve it causes the latter to expand the packing.  There is formed between 
the rubber washers and the packing an air chamber the function of which will soon 
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In use the plungers assembled as described are sterilized by boiling. 
The dose of material for injection is measured out by pipette into the 
cotton-stoppered sterile glass  tube  (Fig.  1,  A).  The  cotton plug  is 
discarded and  the plunger is  inserted into  the  tube  (Fig.  2).  The 
upper end of the tube is sealed by a rubber stopper with a metal bore 
which fits loosely around the sleeve of the plunger (Fig. 1, Fa).  While 
the plunger is held by one of the milled areas around the sleeve the 
wing nut is screwed down until the expanding packing makes contact 
with the sides of the glass tube.  Held in the position shown in Fig. 
2 with the outlet in the hemispherical end of the plunger  uppermost, 
bubbles of air or froth are easily expelled; hence, the reason for plac- 
ing this outlet at the side rather than at the center of the hemisphere. 
If i,t is desired to leave a few small bubbles in the syringe rather than 
lose the small amount of material which may accompany their expul- 
sion, they may be left in the syringe with perfect safety if during injec- 
tion the syringe is turned so that the outlet in the side of the hemi- 
sphere is at the lower side of the tube;  in this position the bubbles re- 
main at the upper side and do not find the outlet.  Injection may be 
made at  any angle.  In  the intravenous injection of horses at  this 
Institute it is customary to inject upwards.  The needle (detached) 
is first inserted upwards into the jugular vein, the thumb being pressed 
over the jugular below the needle to cause the vein to bulge.  When a 
small stream of blood coming through the needle shows that it is in the 
vein,  the syringe is  connected with the needle and  the material in- 
jected by pushing the tube or barrel of the syringe against the plunger. 
The  motion required is  the  same  as  that  employed in  pushing the 
plunger into the barrel of the ordinary syringe.  The wing nut serves 
also as a  finger  rest  (Fig.  2). 
The  function of  the  air  chamber within  the packing  remains  to 
be described.  As mentioned above the ease with which the ground 
glass  plungers of  the  syringes made  entirely  of  glass  move in  the 
barrel is  of  great advantage in  enabling the  operator  to  detect by 
sense  of  touch  any  increase  of  resistance  to  the  outflow  of  the 
material, often due to  the slipping of the needle out of the vein dur- 
ing the injection of a  restless horse.  On the other  hand,  the rubber 
plungers of syringes on the market were found to work hard or jump 
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being described the same difficulty was encountered until it was dis- 
covered that it could be remedied by leaving an air chamber within 
the packing and communicating freely with the interior of the syringe 
by a single small hole (Fig. 1, Dc) which runs diagonallyupward through 
the edge of the hemisphere from a point near the outlet.  The capacity 
of the air chamber in the syringes being used is  about ~  cubic  inch. 
At first thought it might seem that injection material would pass into 
the air chamber and be wasted, but such is not the case.  When during 
injection pressure is exerted on the bottom of the syringe tube a very 
small amount of material may pass into the air chamber but in so doing 
it compresses the air within the chamber and as soon as this pressure is 
relieved, as it invariably is towards the end of the injection, the drop of 
material is  again forced out of the chamber  by the  expanding  air. 
The compression of the air within the chamber serves another purpose; 
it causes the packing to expand automatically in response to pressure 
of all degrees.  All that is necessary is to turn the wing nut sufficiently 
to  cause the packing to make contact with the interior of the  glass 
tube  on  all  sides.  In  this  condition  the plunger  moves  easily and 
smoothly.  As soon as the resistance to outflow increases, however, 
the packing expands and always just sufficiently to prevent leakage 
by the packing.  In fact one may place the tip of the syringe against 
a  rubber stopper on a  table or against the wall and bear his whole 
weight against the bottom of the glass tube and the contents will not 
leak by the plunger, but if the resistance to outflow is removed the 
contents are expelled with the greatest ease.  The ease with which the 
plunger moves is comparable only with that of a ground glass or metal 
plunger. 
The syringe as above described is best adapted for injection, though 
it  may  also  be  used  for  aspiration  against  slight  resistance.  For 
aspiration against heavy resistance the arrangement of washers should 
be as shown in Fig. 3.  With this arrangement the air chamber com- 
municates  with  the atmospheric air  through  a  small opening  (Fig: 
3,  c)  in the sleeve (closed by the upper rubber washer in Fig. 1). 
If the syringe is desired to serve for both injection and aspiration 
against heavy resistance, it may be assembled as shown in Fig. 4, with 
two air chambers, the upper one expanding during aspiration and the 
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The  advantages claimed for the syringe are especially those desired 
for the intravenous injection of horses in large numbers where economy 
of time and expense, and the elimination of error are  of great impor- 
tance.  These advantages are: (1) durability--non-breakage of expens- 
ive parts, the use of glass tubes for barrels, the use of rubber tubing for 
packing;  (2)  an easily moving, non-leakable, automatically expanding 
plunger;  (3) the easy expulsion of air bubbles and froth;  (4) the ability 
to measure out the doses and fill the syringes in the laboratory rather 
than in the stables. 
As used in  this  Institute  the  syringes are filled in  the laboratory, 
placed in the sterilizers in which  the plungers  have been boiled,  and 
sent to the stables.  At the stables each horse which is to be injected 
is turned about in the stall, tied with head outwards towards the aisle. 
The  veterinarian  with  syringes,  needles,  absorbent cotton,  and  alco- 
hol on a ward carriage moves down the aisle injecting the horses as he 
comes to them.  The time required averages less than  2 minutes for 
each horse.  A  separate syringe is used for each horse, but it is sug- 
gested that it is possible to inject a series of animals, receiving the same 
material,  with  the same syringe plunger.  The doses  may  be  meas- 
ured  out into a series of  the glass tubes, and the plunger moved from 
one  tube  to  another  for  each  injection.  The  cost of  the  syringe  is 
moderate,  the metal parts  of those specially made for us costing less 
than $4.00 each. 1  The rubber packing of syringes in daily use needs 
to be renewed once in about 3 months.  During  the past  6  months 
over 3,000 injections have been made without serious accident due to 
defect of syringes. 
It is suggested that there may be other uses for this type of syringe. 
Blood cultures might be made by aspirating blood into the tube of the 
syringe containing bouillon, the plunger removed, a sterile cotton plug 
inserted,  and  the  tube incubated.  For  the  collection  of blood  cor- 
puscles blood might  be  aspirated  into  the  tube of  the  syringe  con- 
taining citrate solution, the plunger removed, a sterile stopper inserted, 
1  The syringes used have been ordered through George Tiemann and Company, 
107 East 28th Street, New York City, and were made by Becton, Dickinson and 
Company,  Rutherford,  N.  J.  Suitable  tubing  ~or  rubber packing  has  been 
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and  the  tube  placed  into  the  centrifuge.  A  slight  variation  of  the 
technique would enable  one  to collect  small samples of serum or de- 
fibrinated blood aseptically. 
EXPLANATION  OF PLATES. 
PLATE 61. 
FIG.  i. (A) Centrifuge  tube  used  for  barrel  of  syringe. 
(B)  Luer  needle. 
(C)  Rubber packing cut from tubing. 
(D)  Core of plunger.  (a) Rubber washers.  (b)  Metal washer.  (c)  Opening 
into air chamber.  (d)  Outlet communicating with bore of plunger. 
(E)  Wing nut and finger rest. 
(F)  Sleeve  to be  placed over core above packing.  (a)  Metal-lined  rubber 
stopper for closing open end of barrel. 
PLATE 62. 
FIG.  2.  Assembled syringe held in position for expelling air, or for injection 
after the air has been expelled. 
P~ATE 63. 
FIG.  3.  Arrangement  of  washers  and  packing  for  aspiration.  (a)  Rubber 
washers.  (b)  Metal washers.  (c)  Opening into air chamber. 
FIG. 4.  Arrangement  of  washers  and packing for both  injection and aspira- 
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(Brown: New type of syringe.) 